Sensitivity studies show that while simple hydrocarbons like C2H2 (acetylene) and C2H4 (ethylene), which serve as important intermediates to the formation of more complex hydrocarbons, show virtually no variation in abundance, minor C3 molecules do show substantial sensitivity to choice of quantum yield scheme. We find that the C3H4 isomers (methylacetylene, allene) and C3H6 (propylene) display major variation in atmospheric mixing ratios under the implementation of these schemes, with a maximum variation of approximately a factor of 5 in C3H4 abundance and approximately a factor of 4 for C3H6 . In these cases our nominal scheme, recommended by Romani [ 1996], offers an intermediate result in comparison with the other schemes. We also find that choice of pathway for non-Lyman cz methane absorption does affect hydrocarbon chemistry in the atmosphere of Titan, but this effect is minimal. A 65% variation in C2H 6 (ethane) abundance, a value within observational uncertainty, is the largest divergence found for a wide range of possible non-Lyman cz photofragment quantum yields. These results will have significance in future modeling and interpretation of observations of the atmosphere of Titan.
Introduction
Methane is the most important chemically active species in the upper atmosphere of Titan. At Lyman tx the photodissociation of methane is capable of producing methyl radicals (CH3) , excitedand ground-state methylene radicals (1CH2, 3CH2), methylidyne radicals (CH), and atomic and molecular hydrogen (H, H2) through five spin-conserved and energetically allowed pathways [Mordaunt et al., 1993 
Methane Product Quantum Yields
Many collisional photolysis studies of methane dissociation involving end-product analyses [Mahan and Mandal, 1962; Magee, 1963 Mordaunt et al. [ 1993] provided the first direct measurement of methyl radical production through H atom photofragment translational spectroscopy, tracking the kinetic energies of H photofragments from Rydberg time-of-flight data. Noting that CH3 will accompany "fast" H atoms while "slow" H atoms would be distributed through pathways ( . This is presented in the form of two separate schemes describing the quantum yields of the pathways of methane photolysis, which are shown in Table 2 , both of which present scenarios that contradict previous measurements. The most striking contradiction is the yield of CH 3, which is indicated to be a significant pathway in the Lyman {x photolysis of methane, contrary to what was assumed from previous studies [Mahan and Mandal, 1962; Magee, 1963; Braun et al., 1966; Laufer and McNesby, 1968; Rebbert and Ausloos, 1972/1973; Slanger and Black, 1982] . Furthermore, a Doppler-selected time-of-flight study by Wang and Liu [1998] verifies the significance of the (J1) pathway, indicating the ratio of (J1) to (J3)-(J5) at 3:1. The total H atom quantum yield for both Mordaunt et al. models is 1.0, which stands in good agreement with the value from Slanger and Black [1982] . However, the high CH yield of scheme 2 has not been corroborated by further study, before or since, and thus is not likely. The authors caution that the two schemes presented are limiting cases, and the actual yield distribution probably falls somewhere in between.
Romani [1996] in his investigation of the ethane/acetylene ratio on Jupiter attempted to determine the branching ratios, adhering to constraints provided by previous measurements [Laufer and McNesby, 1968; Rebbert and Ausloos, 1972/1973; Slanger and Black, 1982; Mordaunt et al., 1993] . Although the sum of these measurements provides numerous contradictions, Romani conducted a least squares calculation using those constraints provided, presenting a scheme that agrees most directly with previous studies. This best fit scheme, with (J3) set equal to zero, is also presented in 
Lyman ct
We present comparisons of mixing ratio and production rate profile with the four schemes described in Table 2 at Lyman ct, using our nominal scheme of a CH 3 unit quantum yield at all other wavelengths for sake of comparison. The four schemes will hereafter be referred to as the following: Mordaunt et al. [1993] conversion through ]CH2 insertion provides a significant source of CH3 radicals. In fact, SR with its large 1CH2 yield produces the most CH3, and MOR2 with no ]CH2 yield produces the least (Figure 4b) . However, the profiles do not vary much among the four schemes, with column production rates above 700 km varying by < 30%. The effect of the reduced H yield in the SR scheme is examined in Figure 4c . The column production rate of H atoms in SR above 700 km is < 25% less than the other three schemes. For the nominal case, H atoms are produced at a rate of 2.16x 109 cm -2 s -• above 700 km. Considering that the eddy mixing time constant is of the same order as the chemical time constant in this region below the homopause level for H atoms, a small variation in the column production rate has a minimal effect on the distribution of H atoms in the upper atmosphere. In the lower atmosphere (< 300 km), where the H chemical lifetime, owing to three-body chain reactions involving H addition, is 3-5 orders of magnitude smaller than the eddy diffusive time constant, the H production is virtually invariant among the schemes, by virtue of the absence of Lyman {x-induced methane photolysis.
The true determination of the impact of different branching ratio schemes on the modeling of the atmosphere of Titan is aided by an examination of density profiles of the major hydrocarbons in the atmosphere. A look at the simplest stable hydrocarbon besides CH4, acetylene (C2H2), shows that there is very little variation in abundances, with the mixing ratios varying by little more than 10% among the four schemes (Figure 5a ). This behavior follows for many of the observed hydrocarbons, such as C2H 4 and C4H2, as well as those yet to be observed, e.g., C4H 4 and C4Hlo . The H production rate (Figure 8c ) is virtually independent of the quantum yields in question above 625 km, where Lyman ct predominates, only showing variation in the middle atmosphere where P3 in enhanced over PI by a negligible 15%. This fact is contrary to what might be expected, as H atoms are produced by the C-H bond fission process of P1 as opposed to the molecular elimination of P3. In fact, acetylene photolysis is the main source of H atoms in the stratosphere and mesosphere, with the lower peak of H production situated at the level of unit optical depth for C2H2 absorption. Acetylene photolysis accounts for 75% of the atomic hydrogen produced below 600 km, and, as will be shown later, C2H2 is created through CH and 1'3CH2 production. Thus the increase of CH and ]'3CH2 production from P3 leads to an enhancement of H production that more than compensates that lack of source from the methane bond fission process characteristic of P3.
As in the Lyman ct comparisons, the density profiles for C2H2 and many of the other hydrocarbons not presented here show little variation among the three schemes. Figure 9a shows the abundance profiles for ethane. The ethane abundance under the P1 scheme is 65% larger than the P3 profile above 800 km, with the variation decreasing below this altitude. Propane also shows dependence to non-Lyman ct quantum yields (Figure 9b) 
The total production of ethylene among the schemes varies by only 15%, with the proportions of C2H4 formation above 600 km by (R3) and (R4) as follows: 56%/42%, nominal; 64%/32%, SR; 68%/29%, MOR1; and 12%/85%, MOR2. Once ethylene is formed, it serves as the major source of acetylene above 500 km through photolysis:
C2H 4 + hv --> C2H 2 + H2,2H.
This process is responsible for 75% of the total acetylene column production rate above 500 km. Most of this acetylene is diffused 
Conclusions
Sensitivity studies regarding the dependence of Titanian hydrocarbon chemistry to methane photolysis quantum yields at wavelengths > 1000 ]k have been conducted. We have found that hydrocarbon abundances at altitudes of existing observations are not sensitive to choice of quantum yield scheme, and therefore at the present time, primary quantum yields in methane photolysis cannot be solely used to fit present observations. Furthermore, C2H2 and C2H4 show no sensitivity to methane photolytic schemes. However, C3 molecules, such as CH3C2H and C3H6, exhibit variances that surpass likely observational uncertainty, although the largest variation of these molecules is exhibited by the MOR2 scheme which is highly suspect owing to its very high CH yield. This sensitivity occurs only among Lyman c• schemes, and in these cases our nominal scheme provides an intermediate profile among the tested schemes. These results show that differences in constituent abundance profiles among this and other published Titan models [Yung et Brownsword et al. [1997b] . We find that the consideration of such an H yield leads to only a 25% reduction in the production of atomic hydrogen at the upper peak of production, compared to the other schemes. Furthermore, in the lower atmosphere, where atomic hydrogen plays a more significant chemical role, the variation among the schemes is virtually nonexistent. Thus we find that a reduced H yield does not significantly affect the subsequent hydrocarbon chemistry.
Although 75% of methane photolysis occurs at Lyman knowledge of branching ratios at other wavelengths is significant, as illustrated by the sensitivity manifested by some molecules to choice of photoiysis pathway at non-Lyman (x wavelengths. In order to fully understand the chemical processes that initiate hydrocarbon chemistry, collision-free studies of methane photolysis at other wavelengths will be necessary for a complete understanding of hydrocarbon chemistry in the atmosphere of Titan. In addition, uncertainty in other atmospheric parameters, such as eddy diffusion, affects the interpretation of the impact of methane photolysis on hydrocarbon chemistry. For instance, we find that the methyl recombination rate, brought into question by the ISO Saturn measurements [B&ard et al., 1998; Atreya et al., 1999], has significant bearing on the effect methane photolysis has on ethane and C3 molecular abundances. Continued effort in conducting laboratory measurements under conditions applicable to Titan is necessary.
The upcoming Cassini-Huygens mission will not only provide valuable information about the atmosphere of Titan but will also present a view into a natural low-temperature laboratory from which we can examine chemical processes. Upper atmosphere observations of CH-influenced molecules, most notably C3H6 and CH3C2H, from the Cassini-Huygens mission will provide insight into the nature of the Lyman (x photolysis of methane, having implications for the study of other reducing atmospheres in the solar system.
